Introduction

45
Fouling organisms are undesirable on hulls of ships and boats because they increase drag, and 46 thus reduce fuel economy, and speed, and maneuverability of vessels (Kiil et 
58
(1988) monitored dissolved Cu in Chesapeake Bay for 11 months and concluded that 59 recreational boats housed in a marina were most likely responsible for high levels of Cu detected. 60 Comber et al. (2002) found that Cu concentration in summer months was twice as much as in 61 winter in an estuary, which was largely attributed to leaching of antifouling paints biocides. The goal of this study was to investigate how (1) water salinity, (2) type of surface painted, and 
Single Particle Analysis Using ICP-MS
98
Single particle inductively coupled plasma-mass spectrometry (sp-ICP-MS) was also employed 99 to further characterize the paint using an Agilent 7900 ICP-MS (e.g. Yamanaka et al., 2015) .
100
Method setup and data analyses were done in the Single Nanoparticle Application Module ICP- (diluted to 1 μg/L) was used to determine the elemental response factor. The paint was diluted 107 with DI water (while sonicating) such that the Cu particle concentration was between 10 and 100 108 ng/L, and a sample inlet flow of 0.346 mL/min was used. Analyte mass fraction was set to 0.89 109 while particle density was set to 6 g/cm Torr. All survey spectra were collected at 160 eV pass energy, 0.5 eV step, and 150 150 ms dwell time per sample. High-resolution spectra were collected using 20 eV pass energy, 0.05 151 eV step, and 300 ms dwell time. Repeated analyses done using the same sample area and similar 152 parameters showed reduction from Cu(II) to Cu(I) so the high resolution spectra for Cu 2p were 153 collected differently. Cu 2p high resolution peaks were collected from areas that were not 154 previously exposed to X-rays and the acquisition time was limited to 60 s using 40 eV pass 155 energy, 0.1 eV steps, and 400 ms dwell time. We confirmed from preliminary analyses that Cu 156 2p3/2 peak areas are twice those of Cu 2p1/2 peaks, and that all the peaks used to determine the to X-rays. We confirmed that our samples were not altered by these acquisition conditions. The
160
Kratos charge neutralizer system was used for all analyses with charge neutralization being 161 monitored using the C 1s signal for adventitious carbon. Spectra were analyzed using CasaXPS Toxicity of paint leachate in marine systems was evaluated using algal growth-inhibition assays.
166
An axenic culture of Isochrysis galbana was obtained from the Provasoli-Guillard National
167
Center for Marine Algae and Microbiota (Bigelow Laboratory for Ocean Sciences, East
168
Boothbay, ME), and was maintained as described previously (Miller et where I is the percent inhibition in average specific growth rate; μC is the average specific growth 189 rate in the control group, and μT is the average specific growth rate for the treatment. 
Effect of painted material on Cu release
227
To quantify release of biocide from painted surfaces, we analyzed for Cu species the waters in 228 which the mini-bars were submerged. The data presented and discussed in this section were 229 derived from mini-bars dried for 24 h, and exposed in seawater; the effects of drying time and wood mini-bar treatments was an order of magnitude (or more) higher than in corresponding 234 aluminum treatments. This is partly due to the presence of higher amounts of antifouling paint on 235 wood mini-bars and much higher release rate of antifouling paint (biocide) from wood. While 236 their length and width were similar, wood mini-bars were 80% thicker than aluminum mini-bars.
237
In addition, wood mini-bars were covered with three coats of the antifouling paint versus two 
Effect of drying time on Cu release
347
In addition to mini-bars coated with the antifouling paint and dried for 24 h (as recommended by 
415
The abundance of Cu(II) species was much higher than Cu(I) in the samples exposed to marine CuO, CuCO3(OH)2, and CuCl2 (Dzhurinskii et al., 1975 , Moulder et al., 1995 , Vasquez, 1998 .
422
Since we did not detect the C 1s peak for carbonate (typically at 289.1 eV (Vasquez, 1998) ,
423
Figure A.10), we assigned the peak to CuO and CuCl2, which also agrees with XRD analysis.
424
The peak at 935.2 eV was assigned to Cu ( 
448
The environmental implications of these nanosized particles may also be different from that of in this study, may have complicated the toxicity pattern we observed (Dahl and Blanck, 1996) . 
Conclusions and Environmental Implications
494
Cu2O particles in commercial antifouling paints may be released into natural waters during use.
495
These released particles may include those that are nanoparticulate in size. 
